
I 
I 

M h o  

RESEARCH MEMORANDUM 
THE PATH AND MOTION OF SCALE MODELS O F  JETTISONABLE NOSE 

SECTIONS AT SUPERSONIC SPEEDS AS DETERMINED FROM 

FREE -FLIGRT APPARATUS 

By Lawrence J. Gale 

Langley Aeronautical  Laboratory 
Langley Air Force Base, Va. 

NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 

WASHINGTON 
May 23, 1950 . I  = ?  



JUCA RM LgJ13a. 

NATIONAL ADVISORY COMMITFEZ FOR AERONAUTICS . 

THE PATH AND MOTION OF SCALE MODELS OF JETTISONAHLE NOSE 

SECTIONS AT SUPERSONIC SPEEDS AS FROM 

AN INVESTIGATION IN THE LANGLEY 

FREE-FLIGHT APPARAWS 

By Lawrence J. Gale 

SUMMARY 

An investigation has been  conducted un models of two different 
designs of jettisonable nose sections wherein the nose sectfons have been 
projected at supersonic  speeds (Mach  number ranged from 1.2 t o  1.4) in  
the Langley free.-fliet  apparatus.  .Both-nose designs in  the or ig ina l  
unstabilized  (without-fins)  condition turned away from a nose-first 
f l igh t   a t t i tude  and calculations  indicated that a pilot  within  corre- 
sponding full-scale  mse  sections would encounter  large  accelerations 
(I2 negative g for  0.014 second for  one.nose  design and 26 negatfve g 
f o r  0.013 second for  the other) as a result of  th i s   ins tab i l i ty .  Both 
'nose designs  with fins installed appeared  stable, and calculations 
indicated that the equivalent motion i n  8 corresponding full-scale nose 
section would not  subject  the  pilot t o  large  accelerations (6 trans- 
verse g) . 

INTRODUCTION 

One of the problems confronting  airplane  desimers  of-high-speed 
a i rc raf t  is safe  pilot  escape in  an emergency. The conventional method 
of escape ut i l ized from low-speed a i r c ra f t  appears  impractical in air- 
planes flying at supersonic  speeds. A method  of p i lo t  escape from high- 
speed a i rc raf t  now being considered is  that qf' jettisoning the nose 
section of the  airplane in w h i c h  the p i l o t  i s  seat-ed. 

On the  basis of  results of low-speed investigations  (references 1, 
2, 3, and unpublished data), it has been  determined that jettisonable nose 
sections  not  stabilized  with f i n s  w i l l  turn away from a nose-first flight 
atti tude when released from am airplane. The s i z e  fins  required to 
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stabilize various nose sect ions  a t  low speeds has been determined (r,ef- 
erence 1). Ln order t o  verify the unstable  tendencies of nose sections; 
t o  check the  stabilizing  properties of fins when nose sections  are 
jettisoned a t  supersonic  speeds, and t o  determine  whether the  mtfonri 
of the  nose  jettisoned a t  such  speeds w i l l  cause large  accelerations on 
the  pilot ,  an investigation has been  conducted In the Langley free-fl ight 
appra tus  on two %y-pical jettisonable nose sections, each  with and without 
stabiliz€ng, fins. The nose sections were projected at Mach numbers 
ranging from 1.20 t o  1.40. 

Althougk the  'present  investigation is concerned only  with stabili- 
zation of a nose  section at supersonic  speeds,  other t e s t   r e su l t s  
(references 2 and 3) have shown that the separation of the nose  from . 

the remainder of  the airplane can a l s o  present a serious problem and 
must be gfven serious  consideration. 

SYMBOLS 

t time, seconds 

co, cl ,  cg coefficients for cubic  equation 

8 distance,  feet 

W weight, pounas 

a acceleration at center of gravity,  feet  per second2 

Q gravitational  acceleration,  feet per second2 

m mass, slugs 

P air density, slugs per cubic foot 

A 

V 

F 

cross-sectioml area. of model at break-off station 
(figs.  I. t o  41, square fee t  

flight velocity, feet per second 

force , pounds 
Ix, Iy, Tz m o m e n t s  of inertia about X Y, and 2 body axes, 

respectively,  slug-feet 6 
2 l inear  dfmension, feet 
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R s+le ra t io ,   ra t io  of any dimensfan of Full-scale nose 
section t o  correspondfng dimension of model  ~ s e  section 

r distance from t3e center of graety of a nase sectfan t o  
p i l o t ' s  head ( f igs .  1 and 2) 

Q 

K 

angulsr velocity fn pftch, radfaw per second 

r a t i o  of velocfty of so-. at even altitude t o  veloqity 

CD drsg c o e f f k i e n t  

mscripts: 

fs f dl-scale 

M model 

0 sea level 

Appazatus, Testing Technique, and Reduction. of Data 

The Langley free-fli@;ht apwatua fa a tank LOO feet in length 
and 8 feet i n ,  diameter containing alr cr other test through 
wbfch models are projected at h€gh speeds by me8118 of a catapulting 
msch&nianr. Precise recomb of the model time-space coardinates are 
made. Space *dues  are determined by Che w e  of cameras mmted 
at 10-foot. Intervals along the length of the' tank and by the 2188 
of ahadowgraph aEparatus located between some of the cameraa. Time 
values are determined by the use of a t h e m s t a t i c  cryet&L-conkoll& 
osc i l l a to r  which c0ntroLs timing mark8 on a cathoderay OFillograph, 
This oscillograph fa photographed by a high-speed~c5mem. kt each 
camera station, two exposures on each film are made &a the model 
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crosse8 t h e  f i e l d  of. tbe camera, so as t o  increase the number of 
time-epce oaordinat-es available for calculatiane of Mach - number 

' ehnd drag coefficients. 
" 

When the models are  prdJected,  they are guided the length of the 
cat'apulting mechanism by means of a balsa  cradle; this cradle  quiclrly 
separates from the model after the model leaves the catapulting 
mechanism and is  considered t o  have no effect on the subsequent  motion 
of' the model. 

.# 
For each test flight a quadratic  equation of the form 

t = co + c1s + c282 

is  f i t t e d   t o   t h e  space-time coordiuates,  for d l  positions in which the 
model i s  detected, by the,  conventional  least-squares methods (refer- - 
ence 4). 

The drag coefficient of the nose section in f l i@ can be obtained 
from the  equation 

where V is the f i rs t  tfme.derivative of s, md a is  the second. 
That is 

Models 

The models used during the  investigation were scale models of 
jettisonable nose sections  typical of those being incorporated  into  the. 
design of current  transonic and supersonic  research  aircraft. The 
models were built and prepared f o r  t e s t a  by the Langley Laboratory. 
Eight models  were bul l t ,  four of each.of  the two nose designs considered ' 

in this. investigation. For each  design two models were constructed 
without stabil izing fins and two were constructed  Incorporating 
stabil izing fins. Th$ models of each nose design  constructed  without 
fins w i l l  hereinafter be referred t o  as models 1 and 2 and the 

-. 
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corresponding  designs  with fins installed will be referred  to  as 
mdels 3 and 4. The fins instal led on models 3 and 4 were curved t o  . 
they d g h t  be retractable. The size fins used were those found 
necessary t o  stabil ize  the nose sections a t  l o w  speeds (reference I). 

' the contour of the nose section so that on a full-scale nose section 

Drawings of models 1, 2, 3, ana 4 which represented  each of the 
two types of nose sections,  both with and without stabil izing fins 
installed, are presented in   f igures  1 t o  4 and photographs of the 
corresponding models are  presented as figures 5 t o  8. The scale of 
the models tes ted varied from 1/19 t o  1/10 depending upon the  design 
and upon whether fins were installed.  The different scales ere 
selected so as to o b t a b  m o d e l s  of the maximum size that could be 
successfully  projected in  the Langley f r e e - f l i e t  apparatus, larger 
models generally enhancing the  probability of obtaining film results. 

As indicated in the section entitled "Analysis," the   ra t io  of the 
density of a full-scale  section  to  the air must be the s&me as the 
rat i o  of the density of  a corresponding model to   the air. The models 
without fins i n s t f l e d  were ballasted w i t h  lead  weights t o  obtain 
aynamic similarity to corresponding  full-scale  jettisonable nose sec- 
t ions   a t  a desired test alt i tude.of 15,000 feet. AB indicated  previ- 
ously, the models on which f in s  were incorporated were qal ler  than 
those  without fins, and when these models were constructed,  their 
structural  Fight exceeded the desired weight f o r  t es t ing   to  correspond. 
t o  a full-scale  desigu a t  an equivalent  altitude of 13,000 feet. 
Model 3 was ballasted t o  represent a corresponding nose section at an 
equivalent test alt i tude of 50,000 fee t  and model 4 was ballasted  for 
an equivgent test a l t i tude of 18,700 fee t .   his tncreased  their 
respective  desired weights for   tes t ing t o  values  high enough t o  permit 
ballasting. The equivalent test altitude of model 3 was considerably 
higher than  that of the  other models because of its extremely small 
size and associated  difffcult ies in  d is t r ibu thg   ba l las t .  The weight 
of the  stabiliz- fins I&S included in the desired weights of models 3 
and 4. Table I is a presentation of the mass characteristics of the 
models (given in terrtis of full-scale v a l ~ e s ) .  

Analysis 

The equations  used in converting model t e s t  results t o  those  that 
would be obtained  with a corresponafng  full-scale nose are  herewlth 
presented.  Theories of dynamic similitude  presented  in raforence 4 
have been  modified t o  apply t o  models when (1) the Mach  number fo r  
the model is equal t o  the Mach number for  the  full-scale nose section, 
and (2) a small effect 09 gravity on the model f o r  a short-time 
period of model action is  neaected. 



As pointed  out in reference 5 ,  in order for dynamic similitude to 
exist between a model and a full-scale sedion,   the   ra t io  of the full- 
scale aerodyaamic forces t o  the model aerodynamic forces must be equal 
to the r a t i o  of the  full-scale  inertia  forces t o  the model inertia 
forces,  as  indicated  in  the  following  equation: 

It should be noted tha-r; the term - was amitted-in  reference 5 
because - 

pm 
pfs -&s assumed t o  be equal  to one. Inamuch  as Mfs = &, 

velocities  obtained  experimentally a t  sea  level m u s t  be multiplied 

Pm 

' at t e s t  alti-hzde. -This correction is  necessary because of the f a c t  
that the speed of sound at sea level i s  greater than the speed of sound 

obtained as the alti tude I s  increased. L e t  - '" = R. Substitution 
Vfs. 2m of  " zm "S - R m a  = K tn equation (1) . r e d t s  in 

. " 

or 

In order t o  determine the  relationship f o r  acceleration between 
the model and the corresponding full-scale section from equation (2), 
it is necessazy t o  determine the relationship existing between the 
corresponding mass terms. 

A s  Indicated In reference 5 ,  in order that both model and f'ull- 
scale  section have aFmilar motion, they must have s h l l a r   h e l i x  angles. 
That is 

I 
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It can be seen  that  equation ( 6 )  eqmesses the necessary  candition 
that  the r a t i o  of the  density of a full-scale section t o  that of air 
equals the ratio of the density of the corresponding model to that of 
air, since 

or 

Substituting for the mass term in equation (2): 

& 
9 s  = 7 

Similarly, other relations a r e :  
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As mentioned previously, two models were bu i l t  of each  design and 
configuration. Both se t s  of results are presented  for model 1, the 
second se t  being  referred  to as results fo r  model la. O n l y  one set of 
resu l t s  was  obtained  for model 2 and for model 4 because the al ternate  
f i r ings  of these models  were unsucc_essful. .Two se ts  of results were 
obtained for model 3 but  becaus'e.of t he i r  similarity only one set is 
presented  herein. . .  

The results of the  present  investigation are presented  in  figures 9 
t o  1 4  in the form of photographs of the models in flight taken at 
various stations along their flight path. Table I1 is a presentation 
of  measurements accurately  locating the model in each picture, a timing 
record, and results of calculations made t o  determine the Mach  number 
a t  'the points at w h i c h  the photograph of figures 9 t o  14 were obtained. 
The le t ter  "a" adjacent  to  each  station number on table 11 indicates 
the f irst  exposure on each film, and "b" the second  exgosure ( i f  one 
were obtained). These  measurements and calculations  are  believed t o  
be accurate t o  1 percent. 

Figures 9 and 10 fndicate that models 1 &.la ,  which were identi-  
cal ly  similar and had no s t a b i l i z h g  fins, were unstable. Model 1 
pitched up when projected and model l a  pitched down  when projected; the 
rate of pitch of the models appeared t o  be practically  the same in each 
case.  Calculations made for model 1 t o  determine the  largest  Bccelera- 
t ions which would act on a pilot  during the flight of a corresponding 
airplane nose indicate that due to   the  pitch- mt ion  w h i c h  between 
stations 4b and 6a was approximately a 63O rotation (from 12' to  75' 
incidence)  in a period of time of 0.135 second (full-scale at 15,000 ft 
al t i tude)   there  would occur a full-scale  centripetal  acceleration q?r 
of approximately 4.3g. The  component of thi.s acceleration  acting along 
the backbone of the  pi lot  would be approxirpatel  3.3g. Between stations 
6a and 6b, the nose  pointed up approximately 75 to  the  direction of 
flight and,  due t o  the associated drag rise, the linear  acceleration 
acting along the backbone of the  pilot  in  a'corresponding  afrplane nose 
a t  aqa l t i t ude  of l5,OOO f e e t  would  be 12.u fo r  0.014 second. For the 
case (model 1) i n  which the nose  turned up, the corresponding  accelera- 
t ion  on a p i lo t   s i t t ing   e rec t  would be positive and could  probably be 
withstood. If, however, it noses down as it d id  for model la, the 
acceleration would be negative.  Reference 6 indicates the possible 
danger of such a negat-ive acceleration although it has been indicated 
that recent  experience by the Air Force  points t o  the  possibil i ty that 
man's tolerence of negative  acceleration may be greater than  the  limits 
shown in  reference 6. The t h e  history of the forward movement of 
model l a  appeared to   begeneral ly  similar t o  tha t  of model 1 and is not 
presented in tabular form. 

iy 
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When model 2, the other nose section  without fbs ,  was projected 
in the Langley free-flight  apparatus, it too turned away from 8 nose- 
f i r s t   f l i g h t . a t t i t u d e  (fig. =). Calculations  indicated that although 
the centripetd-  acceleration d ~ e  to   ro ta t ion  of a corresponding m- 
scale nose section wouLd. not be large, the deceleration d o n g  the 
flight path associated with the drag rise when the nose turned away 
from a nose-first  attitude would a g a h  be large. Far exampk, 
between Stations h aSa 4b the nose pointed down ap-groximately goo t o  
the f l igh t  path, and a p i lo t  in a correspondkg --scale nose section 
at 15,000 fee t   a l t i tude  would undergo a high negative  acceleration 
of 26.4g f o r  a period of time of 0.013 seconds. It can be observed in 
figure ll that m o d e l  2 started to   dis integrate  at s ta t ion 5 ,  probably 
because of faulty’mdel  construction. 

When models 3 and 4, the fin-stabilfzed versions of models 1 and 2, 
respectively, were projected in the Langley free-fllgllt  apparatus,  they 
were guite stable in flight as indicated by figures 12 t o  14. Figure 1 3  
is a shadowgraph of model 3 in f li@t and shows the flow pattern around 
the  sta;bilized  nose. The acceleration a pi lo t  would. receive in a stable 
full-scale nose section would act  transversely where the human tolerance 
to  acceleration 3s greatest.  Calculations  indicated  that  the corre- 
sponding motion In the full-scale nose section would not subject the 
pilot   to  large  accelerations (approx.  3,5g full-scale  for model 3 and 
approx,  5.9g full-scale f o r  model 4 based on stations midwag i n  the 
free-flight  apparatus). It i s  felt that the rather large  descent of 
m o d e l  4 in flight as compared with model 3 waa caused by the f ac t  that 
one or more of the f-  of m o d e l  4 may have been damaged i n  hunching. 
The drag coefficient  obtained  for model 3 was 0 -943 at a Mach number 
of 1.199 and for model 4 the drag  coefficient obtained w a s  0.603 at  a 
Mach number of 1.177. Calculations of drag  coefficient were not made 
f o r  the  unstable nose sections because an accurate’enough time and 
angular d3splaCenen-t history of the ro ta t ion  o f  the nose w a s  not obtained 
t o  permit  accurate  calculations. 

The resul ts  of the present  investimtion in which scale models of 
jettisonable nose sections of current  research aircraft were projected 
a t  supersonic  speeds in the Langley free-flight  apparatus  indicate  that 
unstabilized nose sections will turn away from a nose-first   f l ight 
attitude, and calculations  indicate  that a pi lo t  w i t h i n  a corresponding 
full-scale nose section may encounter large accelerations as a result 
of t h i s  instability. TJhen nose sections are stabil ized wfth fins, they 
w i l l  continue in a stable nose-first attitude and calculations have 
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indicated-that the corresponding motion In the  full-scale nose section 
would not  subject the p i lo t  t o  bzge  accelerations.  
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MODELS OF JETTISONAIZE NOSE SECTIONS l3VESI'IGAmD IN THE 

Bode1  values converted. t o  corresponding full-scale  values; 
moments of iner t ia  me given about center of gravity] 

Moments of iner t ia  
Equivalent  altitude at 

w h i c h  tes ted 



12 

la 

lb 

& 

2b 

lip 

I 



-L 

Location of 
A- pilot's head 

,/' a t t o n  
Breakoff 

. . .  
. .. 



. .   . .  



k 5.26" \I 0 



- 
Location of 
pilot's head 

7.47 " 
' 5.22" 

I 1 .  I 

, . .  . : .  , 
. . .  



Figure 5 .- Photograph of mcdel 1. 
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Mgure 6 .- Photograph of &el 2. - 
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Station 1 Stat ion 2 

Station 4 Station 5 

Station 6 -qziJ7 
L-63041 

Direction of t ravel  

Figure g.-”otion of model 1 when projected at supersonic speeds in the 
Langley free-fl ight apparatus. (Camera at s ta t ion 3 failed.) 
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S t a t i m  1 Station 2 

Station 3 Station 4 

Statlon 5 v 
L-63042 

Direction of travel 
4 

Figure 10.- Motfon of model la when projected a t  supersonic  speeds i n  the 
Langley free-flight apparatus. - 





Station 1 Station 2 

Station 4 

Direction of travel 
f 

Station 5 

Figure ll.- Motion of model 2 when projected at supersonic speeds i n  the 
Langley free-flight apparatus. (Camera at station 3 failed.) - 
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Station 1 Statim 2 

Station 3 Statim 4 

Station 5 v 
L-63044 

Direction of t ravel  
4 

Figure 12.-.Motion of model 3.wheq projected'at supersonic speeds i n  the 
Langley free -flight apparatus. - 
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Figure 13.- S h a d o w g r a p h  

"" 

. "" 

of model in flfght. Mach numil A 3er, 1.21. 
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Station 1 Statim 2 

Station 3 Statim 4 

Direction of t ravel  

Figure 14.- Motion of model 4 when projected at supersonic speeds in the 
Langley free-flf@t apparatus. (Cameras at stations 5 and 6 failed.) 
" - 
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